Two trials that utilized 356 yearling steers were conducted to evaluate the effects of fat sources (3.5% of diet dry matter) in steam-flaked milo finishing diets. Fats differed in fatty acid composition and level of free fatty acids. In Trial 1, soybean oil, tallow and yellow grease were compared to a nonfat control. Feeding fat increased (P e .05) daily gain, feed efficiency, estimated diet NE concentration, carcass weight and dressing percentage of steers. In Trial 2, fat treatments were control, acidulated soybean soapstock (SBSS), tallow, a blend of 70% SBSS:30% tallow, and yellow grease. Feeding tallow or the SBSS:tallow blend improved (P < .05) feed efficiency and estimated dietary NE compared to control.
Introduction
Much confusion exists regarding relative energy values of various feed fats. NRC (1984) standards assign NE, and values to fat of 4.75 and 3. 51 Mcalkg, respectively, regardless of source. These values do not represent any specific set of empirical data as discussed previously by Zinn (1988) . In chicks, addition of fats containing high proportions of unsaturated fatty acids to those containing high This effect has been demonstrated with mixtures of individual fatty acids (Renner and H i l l , 1961; Young, 1961; Young and Garrett, 1963) and complete fats (Sibbald et al., 1961; Sibbald and Kramer, 1977) . High-grain diets may inhibit lipolytic and biohydrogenating organisms (Latham et al., 1972) , thereby potentially promoting synergistic effects of certain blended fats for ruminants. Therefore, the objectives of this research were to evaluate the effects of fat sources differing in degree of saturation and level of esterified fatty acids on animal performance, carcass traits and estimated NE value. It was also of interest to measure potential associative action of a blend of tallow and vegetable fat, and fatty acid profile of longissimus muscle from steers fed fat sources varying widely in chemical structure. was thoroughly mixed and delivered to the pens once daily in a truck-mounted mixerfeeder. Fat analyses reported in Tables 1 and 3 were conducted on samples cornposited throughout the study; therefore, they represent average values for the fat sources fed in the respective studies. Fat sources replaced 3.5% of beet molasses dry matter of the C diet ( Pen data were analyzed as a randomized complete block design using General Linear Models procedures of SAS (1982) . Treatment means were separated using least significant Merence when a significant (P c .OS) F-test for treatment existed.
Trial 2. Treatments were designed in this study to evaluate the effects of a highly unsaturated, nonesterified fat source (acidu- Table 3 . It was also of interest to evaluate further the effects of TAL and YG in steam-flaked milo diets. Two hundred sixteen yearling, crossbred steers (384 kg) were allotted to five weight replicates in a randomized block design. Treatments were 1) nonfat control (C), 2) SBSS, 3) TAL, 4) a blend of 70% SBSS:30% TAL and 5) YG. Each treatment was fed to five pen replicates of nine steers, each with the exception of YG, which was fed to four pen replicates.
Diets (Table 4) were similar to those fed in Trial 1, with fat sources completely replacing beet molasses in their respective diets. Animal processing, weighing, feeding and carcass data collection procedures were as described for Trial 1, with the exception that starting weights also served as allotment weights in Trial 2. Steers in this study were fed 89 d.
Three steers from each pen (n = 72) were selected randomly at slaughter for the measurement of treatment effects on fatty acid profile of longissimus muscle. Boneless steaks (2.54 cm thick) were obtained from the loin end of the 12th to 13th rib interface of individually identified carcasses7. Subcutaneous fat was completely removed, and the longissimus 'The cooperation of Iowa Beef Rocessors, Inc., Holcomb, KS, is gratefully acknowledged. muscle was isolated. Samples were homogenized and analyzed in duplicate for total crude fat (ether extract) and for individual fatty acids using flame ionization gas chromatography (AOAC, 1984) .
Performance and carcass data were analyzed as a randomized block design using General Linear Models procedures of SAS (1982) with pen as the experimental unit. Type IV sums of squares were used in the analysis of variance (Milliken and Johnson, 1984) . Least squares means were computed to adjust for unbalanced data. Tests for associative effects of SBSS were conducted using orthogonal contrasts and appropriate coefficients for the unevenly spaced treatment levels. A quadratic response for the SBSS, 70% SBSS:30% TAL and TAL treatments was interpreted as an associative effect. Fatty acid profiles from longissimus muscle of randomly selected steers were analyzed using a completely random model.
Results and Discussion
Trial 1. Steers fed supplemental SBO, TAL and YG gained 8.45,5.6 and 12.0% faster (P < .05), respectively, than C steers ( Table 5) . Dry matter @M) intake did not differ (P > .lo) between C and any supplemental fat treatment, although YG steers consumed 5.3% more (P < .05) DM than did TAL steers. As a result, steers fed SBO, TAL or YG were 8.1, 8.8 or 9.4% more efficient (P < .01) in gain conversion (gain/feed), respectively, than C steers. Percentage responses in rate and efficiency of gain were similar to those reported for finishing steers fed 4% fat in intermediate (Hale, 1986) (Brandt et al., 1988a) . Although not measured in this study, the increased dressing percentage likely was due in part to increased internal cavity (kidney, pelvic and heart) fat, which commonly occurs with supplemental fat feeding (Brandt et al., 1988 a,b; Zinn 1988 Zinn , 1989 (Leonard, 1979) . Resulting monocyclic and bicyclic methyl esters are hdigestible in rats (Leonard, 1979) and may or may not be toxic or less palatable. Whatever the mechanism, these data underscore the potential variability in animal response to blended fat products. Gain efficiency (gain/feed) was greater (P < .05) for TAL and 70 SBSS:30 TAL steers than for C steers, whereas SBSS and YG did not differ (P > .lo) from other treatments. bAssociative effect (quadratic; P < .OS) of a blend of 70% SBSS and 30% tallow.
cSligh$o = 4.5, small' = 5.0, smallM = 5.5.
4c.fMeans in a row with different superscripts differ (P < .05).
BJ'MeanS in a row with different superscripts differ (P < .IO).
Poorer relative performance by YG steers was reflected by carcass weights that were lower (P < .lo) than for steers fed the other fat treatments (Table 6 ). In contrast to Trial 1, dressing percentage did not differ between treatments in this study. Failure to observe a response in Trial 2 may be related to the shorter length of the feeding period. In a summary of trials (n = 7) involving more than 1, OOO yearling cattle fed 0 vs 3.5 or 4% supplemental fat (Brandt, unpublished data), we noted that fat supplementation did not influence dressing percentage when the feeding period was less than 90 d (n = 3). Backfat thickness was greater (P < .05) for TAL vs C steers and tended (P > .lo) to be greater for C steers than for steers fed the other fat treatments. Steers fed TAL or YG had a higher (P < .05) degree of marbling than C steers. We were unable to observe consistent increases in backfat thickness and degree of marbling from 3.5 or 4% supplemental fat feeding in the summary mentioned previously.
Evaluation of the estimated diet and supplemental fat NE concentrations ( of a toxic effect on ruminal digestion from a high level of free fatty acids (Henderson, 1973) or to a relatively high concentration of impurities (unsaponifiable matter, (Sibbald and Kramer, 1977; Sibbald, 1978) 1974), and lipolytic and biohydrogenating organisms are inhibited by high grain feeding (Latham et al., 1972) , associative action might be possible for animal-vegetable fat blends containing a high level of free fatty acids in high-grain diets for ruminants. This point warrants further investigation. Trial 1 was conducted from March 4 to July 14; Trial 2 was conducted from September 23 to December 21, 1987. Daily averages of air temperature, maximum temperature and minimum temperature (mean f SD) were 15.4 f 8.8, 22.6 f 9.8 and 8.2 f 8.4"C vs 8.28 f 7.0, 16.7 f 8.9 and -.l f 57°C for Trials 1 and 2, respectively. Mean temperatures were cooler during Trial 2 than during Trial 1, but temperatures always exceeded the lower critical temperatures (NRC, 1981) for yearling steers gaining in excess of 1.1 kg. Therefore, it is doubtful whether environmental conditions affected performance and NE estimation.
Source of supplemental fat also may affect composition of depot fat in ruminants, depending on degree of hydrogenation (Ogilvie et al., 1961) . Compared with feeding SBSS or YG, feeding TAL increased (P < .05) the proportion of palmitic acid in longissimus muscle (Table 8) . Tallow also increased (P < .05) the proportion of stearic acid compared to C, SBSS or YG steers. Fat source also affected (P < .05) proportions of oleic, linoleic and linolenic acids, and the amount and ratio of total unsaturated and saturated fatty acids. This is in contrast to the data of Dryden and Marchello (1973) , who reported no difference in longissimus intramuscular fatty acid composition between finishing steers fed no fat or 6% animal fat or safflower oil (n = 4 steers per treatment). Whether the small changes in fatty acid profile observed in this study are biologically significant is uncertain. However, fatty acid composition of longissimus muscle can be altered by diet, contrary to putative thought.
implications
Energy value of supplemental fat in finishing diets varied with fat type and was higher for tallow than for acidulated soapstock Fat source altered fatty acid composition of longissimus muscle; this may have implications for human diet and health as well as for retail product shelf life. Work to further evaluate interactions of fat type with other dietary components, including mineral levels, grain type and processing method, and how these interactions might affect associative effects and the net energy value of fat blends, appears justified.
